 Insomnia, negative affect, and psychotic experiences are all related across time  Negative affect mediates the insomnia and psychotic experience relationship  Insomnia predicts later hallucinations to a greater extent than vice versa  Insomnia and paranoia have a bidirectional relationship across time
Introduction
Insomnia has traditionally been thought of as a consequence of psychotic symptoms, however recent research indicates that insomnia itself contributes to the development of psychotic experiences (Reeve et al., 2015) . An experimental study found that inducing insomnia-like sleep loss in non-clinical volunteers resulted in increased paranoia and hallucinations (Reeve et al., 2017) . A large clinical trial of an online CBT intervention for insomnia in students found that treating insomnia reduced subclinical paranoia and hallucinations .
Together these findings demonstrate a causal role for insomnia in psychosis, implying that insomnia may represent a novel target for treatment of psychosis.
Sleep disturbance in general has been increasingly associated with psychotic experiences in both clinical and non-clinical populations (Chiu et al., 2016; Davies et al., 2016; Koyanagi and Stickley, 2015) . However, there is a surprising lack of studies investigating the relationship between insomnia (as a specific sleep disorder) and psychosis in individuals with a psychotic disorder (Reeve et al., 2015) . Cross-sectional studies indicate that individuals with psychotic disorders and comorbid insomnia have more severe psychotic experiences than those without (Freeman et al., 2009; Xiang et al., 2009 ). Yet longitudinal research is currently limited to studies utilising experience sampling methods (ESM) to collect high frequency data across a short time period. This technique allows investigation of the interplay between night-time sleep and day-time mental health, with significant relationships reported between lowered sleep quality, efficiency, and duration and increased psychotic experiences the following day (Hennig and Lincoln, 2017; Mulligan et al., 2016; Waters et al., 2011) . Notably, in one of these studies shorter sleep was found to predict paranoia (but not the reverse) in a non-clinical adolescent group (Hennig et al., 2017) .
However, there are limitations to the ESM approach. Firstly, although the results are clearly applicable to insomnia (in which sleep efficiency, quality, and duration are lowered), these studies do not measure insomnia symptoms directly. Secondly, as repeated assessments are ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T Pathways between insomnia, negative affect, and psychosis 5 completed in a short time, outcomes are measured using individual items (or a small set of items), instead of a fully validated questionnaire or interview assessment. Finally, due to the intensity of the ESM approach the observational period remains short. Therefore, it remains unclear if the day-by-day relationships found in ESM studies can be extrapolated to diagnosable insomnia (which requires a duration of 3 months of symptoms) and consequent psychotic symptoms assessed over longer time periods. This is of particular importance in early psychosis where treatment of predictors of psychotic symptoms could improve later clinical trajectory.
Negative affect -here used as a generic term to refer to depression and anxiety -is often identified as a mediator in the insomnia to psychosis relationship (e.g. Reeve et al., 2017 Reeve et al., , 2015 , as supported by a large literature linking insomnia and affect. Insomnia and depression are strongly related: individuals with insomnia are at higher risk of developing depression (Li et al., 2016) , and treating insomnia has also been shown to improve depression (e.g. Christensen et al., 2016) . Those with depression are also more likely to develop insomnia (Jansson-Fröjmark and Lindblom, 2008) . Insomnia and anxiety have a strong, if less researched relationship.
Anxiety is predictive of later insomnia, and insomnia is similarly predictive of later anxiety (Neckelmann et al., 2007) . The psychological processes shared between cognitive models of insomnia and anxiety (such as hyperarousal, catastrophising, and intrusive thoughts) also link the phenomena (Espie, 1991; Harvey, 2002) . Whilst negative affect has been shown to mediate the relationship between insomnia and psychosis (Hennig and Lincoln, 2017; Mulligan et al., 2016; Reeve et al., 2017) , the bidirectional relationship between insomnia and negative affect means that it is equally plausible that insomnia could mediate the relationship between negative affect and psychosis (see Figure 1a for a diagram of these pathways). No previous study has tested this possibility.
Furthermore, while recent research has focused on demonstrating the causal role of insomnia in psychotic experiences Reeve et al., 2017) , it also remains likely that psychotic experiences are also likely to contribute to insomnia (see Figure 1b ). One obvious
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Pathways between insomnia, negative affect, and psychosis 6 route would be that distress from psychotic experiences increases arousal and delays sleep onset (Waite et al., 2016a) . Other possible factors include lowered daytime activity, common in psychosis (Hodgekins et al., 2015; Stubbs et al., 2016) , which can cause sleep disturbance by destabilising circadian rhythms (Waite et al., 2016b) . Based on these and other factors a bidirectional relationship between insomnia and psychosis has been proposed, but not adequately tested (Harvey and Murray, 2011; Reeve et al., 2015) . Whether this relationship is truly bidirectional is important to assess, since it may have clinical implications for priority to treatment of insomnia versus psychotic experiences.
1.1.
The current study
The current study aimed to investigate the interaction between insomnia, negative affect (i.e. depression and anxiety), and psychotic experiences (i.e. paranoia and hallucinations) over several months within a cohort of individuals with early psychosis. The analytical approach was to test the directions of effect between insomnia, negative affect, and psychotic experiences by comparing models derived from key hypotheses (that insomnia predicts later psychotic experiences, with negative affect acting as the key mediator) to oppositional models where key relationships are reversed in order to disentangle the most relevant causal influences between these factors. The hypotheses tested were:
1. Insomnia, negative affect, and psychotic experiences are cross-sectionally associated;
2. Insomnia is predictive of later psychotic experiences;
3. The relationship between insomnia and later psychotic experiences is mediated by negative affect;
4. Psychotic experiences are predictive of later insomnia;
5. Insomnia is more predictive of later psychotic experiences than psychotic experiences are of later insomnia.
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Recruitment
Twenty-nine participants were recruited for the current study. The inclusion criteria were:
primary diagnosis of non-affective psychotic disorder; outpatient status; and age between 18 and 30. The age range was selected to minimise the effects of long-term antipsychotic medication usage on sleep, and to control for changes in sleep over the lifespan. Exclusion criteria were: primary diagnosis of affective, substance abuse, organic, or neurological disorder;
and non-fluency in English. Eligible participants were initially approached by members of their NHS care team and given information regarding the study. Those willing to participate provided written informed consent to take part in the study and received compensation for their time in taking part. The study received approval from an NHS research ethics committee (South West-Frenchay REC reference 15/SW/0291), and local approvals were received for each of the three study sites.
Design and assessments
In this longitudinal observational study participants were assessed at baseline, one month, and three months. All measures were completed at every time point. For all measures higher scores indicate greater severity of symptomatology.
Insomnia.
Insomnia was assessed using the Sleep-50 (Spoormaker et al., 2005) , a self-report questionnaire indexing severity of a number of sleep disorders. The total scale is comprised of 50 statements which are rated for agreement over the past month, on a 1 ("Not at all") to 4 ("Very much") Likert scale. The subscale for insomnia was used in the current study, which comprises 8 items, Paranoia and hallucinations were assessed using the Specific Psychotic Experiences Questionnaire (SPEQ; Ronald et al., 2014) . The SPEQ is a self-report questionnaire with dimensions for individual psychotic experiences, of which the subscales for paranoia and hallucinations were used in the current study. These subscales have high internal consistency (Cronbach's alpha 0.93 for paranoia, 0.87 for hallucinations), and have been used in clinical and non-clinical groups (Ronald et al., 2014 , Zavos et al., 2014 . The paranoia subscale contains 15 items, and the hallucinations subscale contains 9 items, both assessing the frequencies of each psychotic experience over the past month. Items are rated on a 0-5 Likert scale (where 0 is "Not at all", and 5 is "Nearly all the time"), therefore the maximum score for paranoia is 75 and the maximum score for hallucinations is 45.
Negative affect.
Depression and anxiety were assessed using the relevant two subscales from the 21-item Depression Anxiety Stress scale (DASS; Lovibond and Lovibond, 1995) . The DASS is widely used and well-validated in clinical groups, with high internal consistency (Cronbach's alpha 0.94 for depression, 0.87 for anxiety) In this questionnaire there are seven items indexing each of depression and anxiety, all rated on a 0-3 Likert scale where 0 is "Did not apply to me" and 3 is "Applied to me very much or nearly all the time", therefore the maximum score for depression or anxiety is 21.
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For all further analyses the study variables were transformed by log10. This allows the estimated coefficients and t-statistics to be compared across analyses (Benoit, 2011; Box et al., 1964; Keene, 1995) . The coefficient can be interpreted as a percentage contribution, such that if the coefficient of insomnia is 1.7 towards paranoia, this indicates that a 1% increase in insomnia is associated with a 1.7% increase in paranoia. Prior to log transformation 1 was added to all scores to preserve 0 scores in the raw data (log10(1) is 0, whereas log10(0) is incalculable as it tends to negative infinity).
Phase 1: Cross-sectional association.
In this phase, cross-sectional associations were tested between insomnia, negative affect (i.e. depression and anxiety) and psychotic experiences (i.e. paranoia and hallucinations), with the hypothesis being that all study variables are significantly associated within each time point.
Multi-level mixed effect models were used, allowing these tests to be nested within each individual and within each time point. Fixed effects were assumed in these and all subsequent multi-level mixed effect models, with random effects used to account for repeated measures from the same participant.
Phase 2: Longitudinal mediation.
In this phase the second and third hypotheses were tested by applying a series of mixed effect models to longitudinal data. The second hypothesis was tested by examining the significance of the predictive relationship from insomnia to later psychotic experiences. The third hypothesis was addressed by comparing the fit of a hypothesised model (where insomnia is the predictor, and depression or anxiety was the mediator) to an opposition model (where anxiety or depression was the predictor, and insomnia was the mediator) with psychotic experiences (paranoia or hallucinations) as the outcome variable. See Figure 2 for an outline of these pathways. In all cases the predictor was taken from the previous time point (t-1), and the mediator and outcome were taken from the current time point (t), amalgamating the three time points into two parallel longitudinal comparisons.
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The BIC value can be compared across different models which are modelling the same outcome, with a lower BIC indicating that the model is a better fit to the observed data. Therefore the hypothesised models were expected to have a lower BIC value than the oppositional models.
Comparison between models can be achieved by using threshold values of differences between BICs, with differences greater than 5 and greater than 10 indicating strong or very strong support for a significant difference between the two models (Kass and Raftery, 1995) .
Mediation was estimated using the Baron and Kenny method (Baron and Kenny, 1986) . In this method the relationship between predictor and outcome (e.g. insomnia and paranoia) is estimated to give the total effect (Path C). The relationship between the predictor and hypothesised mediator (e.g. insomnia to anxiety) is estimated (Path A). Finally, the relationship between predictor and outcome (e.g. insomnia to paranoia) is estimated, with the addition of the mediator (e.g. anxiety) to the model. This gives the estimate for Path B (from the mediator to the outcome) and Path C' (from predictor to outcome when controlling for the mediator). See Figure 2 for a diagram of this process. The proportion of mediation is calculated as the ratio of the indirect effect (the product of Path A and Path B) to the total effect. Proportions greater than 100% indicate that the mediator has an independent relationship with the outcome in addition to its role as a mediator in the given model. This proportion was compared in the hypothesised and oppositional models, with the expectation that hypothesised models show a higher proportion of mediation than oppositional models.
Phase 3: Directional comparison.
Finally, a comparison was made of the predictive value for insomnia to later paranoia or hallucinations versus the predictive value for paranoia or hallucinations to later insomnia in order to address hypotheses four and five.
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Pathways between insomnia, negative affect, and psychosis 11 Another set of mixed effects models were fitted, again with hypothesised models compared against oppositional models. A diagram of this analysis process can be found in Figure 3 . First, univariate models were fitted with current insomnia, previous insomnia (Model 2 in the figure), and previous paranoia as factors predicting current paranoia. Following this previous paranoia and previous insomnia were tested as predictors of current paranoia in the same model (Model 4 in the figure) . This allows examination of the contribution of previous insomnia to predicting change in paranoia by controlling for the influence of previous paranoia on later paranoia. The oppositional model was then constructed (in this case with paranoia as a predictor of insomnia)
to compare to the hypothesised model. The same process was then repeated for insomnia and hallucinations.
Hypothesis four predicted that the psychotic experiences would significantly predict later insomnia, which is tested in the oppositional models at this phase. Hypothesis five was then addressed by comparing the hypothesised and oppositional models. It was not possible to use the BIC for comparison as the outcome variable differed between models, but the p-values, tstatistics, and estimated coefficients were instead used to compare the strength of the associations in each model.
Results
Demographic and descriptive statistics
Demographic statistics can be found in in Table 1 . The study group had a slight majority of female participants (n=16, 55.2%). The majority of participants were patients within an early intervention in psychosis service (n=21, 72.4%), and the majority were prescribed antipsychotic medication (n=21, 72.4%).
Descriptive statistics for the study measures are displayed in Table 2 . There was high retention within the study, with 89.1% (n=26) and 96.6% (n=28) of participants completing the one and three-month follow-up assessments. Severity of all symptoms decreased over the observation
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Phase one: Cross-sectional associations
The results of the cross-sectional analysis can be seen in Table 3 . In the univariate models, current insomnia, anxiety, and depression were all significantly positively associated with current paranoia (p <0.001). Current insomnia, anxiety and depression were also significantly positively associated with increased hallucinations (p <0.001). Current insomnia was significantly associated with anxiety and depression (p < 0.001). In summary, all the factors (insomnia, anxiety, and depression) were significantly cross-sectionally associated with each other, as predicted by the first hypothesis. Table 4 contains results from the longitudinal analysis, investigating the hypothesised 'insomnia to negative affect to paranoia' pathway, compared with an oppositional model of a 'negative affect to insomnia to paranoia' pathway. All total effect pathways were significant (i.e. previous insomnia, anxiety and depression were all significantly associated with later paranoia). The indirect pathway section shows that, while all relationships were highly significant, the estimated coefficients for the hypothesised models were higher than in the oppositional models.
Phase two: Longitudinal mediation analysis
For example, a 1% increase in insomnia resulted in a 2% increase in later depression, whereas a 1% increase in depression resulted in a 0.2% increase in later insomnia. The final section of the table illustrates the competing possibilities for mediation. The BIC values show that the hypothesised models where insomnia is prior were a better fit to the data (BICs of 66.8 and 45.6) than models where anxiety or depression are prior (BICs of 86.1 and 83.6), with the size of the differences (both >10) provide 'very strong' support for a significant difference between the models in both cases (Kass and Raftery, 1995) . The mediated portion of the effect was higher in the hypothesised models than in the oppositional models.
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Pathways between insomnia, negative affect, and psychosis 13 Table 5 shows the results for hallucinations from this analysis. Insomnia, anxiety, and depression severity were all individually significant predictors of later hallucinations. However, as with paranoia, in the mediation models it was clear that the models with insomnia as predictor and negative affect as mediator (BICs of 70.2 and 79.5) provided a better fit to the observed data than the oppositional models (BICs of 91.6 and 88.4). The model comparison for insomnia and anxiety indicates 'very strong' support for a significant difference (BIC difference =21.2), while the model comparison for insomnia and depression indicates 'strong' support (BIC difference = 8.9; Kass & Raftery, 1995) . Furthermore, a higher proportion of effect was mediated in the hypothesised models than in the oppositional models. The hypothesised models for paranoia mediated a higher proportion of the relationship than the hypothesised models for hallucinations, indicating that negative affect has a greater mediator role for insomnia leading to paranoia than insomnia and hallucinations.
In summary, insomnia was a significant predictor of later paranoia and later hallucinations, supporting our second hypothesis. The third hypothesis was also supported in these data; models where insomnia was the predictor and negative affect was the mediator were a better fit than oppositional models where these roles were reversed. Table 6 contains results comparing the prediction of insomnia by paranoia versus prediction of paranoia by insomnia. Both insomnia and paranoia significantly predicted each other over time.
Phase three: Comparing direction of effects
However, the t-statistics between Models 1, 2, and 4 for each direction did show differences. For Model 1 (cross-sectional), the insomnia to paranoia direction had a higher t value than the reverse direction (5.06 compared to 4.23), indicating this has the highest effect. Moving to Model 2, which tested longitudinal prediction, the direction from paranoia to insomnia instead had the highest t-statistic by a small margin (3.53 versus 3.09 for the hypothesised model). For
Model 4, where the model was adjusted for the previous level of the outcome, the oppositional model again had a higher t statistic, although again the margin was small (1.07, versus 0.97 for
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Pathways between insomnia, negative affect, and psychosis 14 the hypothesised model). This supports a bidirectional relationship between insomnia and paranoia, as the differences in t-statistics between the hypothesised and oppositional models are not large enough to be significant (all differences are less than 1, which is the standard deviation of the t distribution). Table 7 contains the results from the same analysis for insomnia and hallucinations. Crosssectionally (Model 1) hallucinations were slightly more predictive of insomnia than vice versa (t=2.94 vs t=3.23). However, in both longitudinal analyses (Models 2 and 4) the hypothesised models (t=2.14, t=1.25) with insomnia as prior show a stronger effect than the oppositional models (t=1.68, t=1.00). As with paranoia, these differences in t statistics are not large enough to be considered significant. However, the uncorrected oppositional model (Model 2) indicated that previous hallucinations was itself not a significant predictor (p=0.085) for later insomnia in this study. Overall these results therefore support that insomnia was a stronger predictor of hallucinations than vice versa.
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In summary the fourth hypothesis regarding a role of psychotic experiences in predicting insomnia was partially supported: paranoia significantly predicted later insomnia, but hallucinations did not clearly predict later insomnia in our results. The final hypothesis -that the insomnia to psychotic experience relationship would be stronger than the reverse direction -was also partially supported. The insomnia to hallucinations relationship appeared stronger than the reverse direction, but the relationship between insomnia and paranoia was bidirectional.
Discussion
This was the first longitudinal study to investigate clinical trends in insomnia and psychotic symptoms over a number of months in patients with early non-affective psychosis. The results support the key hypotheses that insomnia is a significant predictor of paranoia and hallucinations both within and across time, with the relationships mediated by negative affect (depression and anxiety). This is especially the case for paranoia, where negative affect completely mediated the effect of insomnia on paranoia, whereas only partial mediation was demonstrated for hallucinations. A novel finding is that paranoia was also a significant predictor of later insomnia, supporting a conceptualization of a bidirectional relationship. However, the relationship between insomnia and hallucinations appears to move more strongly in one direction -from insomnia to hallucinations -than in the reverse direction. These findings clearly endorse the importance of insomnia as a factor in the maintenance of paranoia and hallucinations, while also providing further detail on the interaction between these symptoms.
These findings support a role for negative affect as mediating the relationship between insomnia and psychotic experiences as found in a recent non-clinical manipulation study (Reeve et al., 2017) . This is also consistent with well-known links between insomnia and negative affect, and also with the importance of affective processes in theoretical models of psychotic experiences (Freeman and Garety, 2003) . It is interesting that negative affect mediated a larger proportion of the relationship between insomnia and paranoia than insomnia and
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Pathways between insomnia, negative affect, and psychosis 16 hallucinations. This has been reported elsewhere (Reeve et al., 2017) , and is consistent with a larger evidence base for the role of anxiety and depression in paranoia than in hallucinations (Hartley et al., 2013) . Furthermore, the results here indicate that treatment of insomnia would be likely to improve affective symptoms, which besides their role in psychotic experiences, are additionally associated with significant distress and disability (Koyanagi et al., 2017 (Koyanagi et al., , 2016 .
The results of this study have clinical implications regarding the importance of treating insomnia in people with psychosis, even more so given that the influence of psychotic experiences on insomnia was taken into account. The finding that paranoia also increases insomnia highlights the importance of targeting both paranoia and insomnia in this group -if treating insomnia improves paranoia, and paranoia improves insomnia, it is possible that treatment for one factor might instil a virtuous cycle of symptom improvement for both issues.
For hallucinations, the finding that insomnia severity predicts later hallucination severity but not vice versa supports a potential role for insomnia treatment in improvement of hallucination severity. The results therefore support a role of treating insomnia to improve psychotic experiences .
A recent survey found that clinicians rarely utilise formal assessments or recommended interventions for sleep disorders (Rehman et al., 2016 ). Yet the feasibility, acceptability, and effectiveness of cognitive behavioural therapy for insomnia, with appropriate adaptations, has been demonstrated for patients with persistent psychosis Waite et al., 2016b) , individuals at-risk of psychosis (Bradley et al., 2018) , and inpatients . In all these studies, improvements in insomnia were large (d ≥ 0.9), and uptake of treatment was high (96% across the three studies listed). As discussed earlier, cognitive behavioural therapy for insomnia has also been shown to improve non-clinical psychotic experiences, and negative affect, in students with insomnia . These recent advances, alongside the current study, indicate that the treatment of insomnia should be given a higher priority in mental health services.
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Limitations and conclusion
One limitation is that it is not possible to tell if the study group is representative of the participant population in general -it may be that those with insomnia were more likely to take part in the study and attend follow up appointments, potentially inflating the relationships reported here. However, this potential bias was minimised wherever possible by pro-active approaches for follow-up and flexibility in assessments, as demonstrated by the high retention rate within the study. It is also worth noting that all participants in the study were currently receiving care within mental health services (with the majority prescribed antipsychotic medication).
A generic limitation of longitudinal observational studies is the assumption that priority is suggestive of a causal role, as it could be the case that insomnia (or anxiety and depression) might be more readily acknowledged by the participants than psychotic experience. In this case evidence of prior occurrence could be an artefact of a lower threshold for awareness of the issue. However, in this study all outcomes were assessed at each time point using the same questionnaires, therefore it is difficult to see how the threshold for acknowledging symptoms would change over the course of the study, especially when the general trend was for improvement in symptoms. Another general issue with longitudinal observational studies is that a common cause cannot be ruled out as the key explanatory factor.
In conclusion, this study provides evidence that insomnia symptoms are predictive of changes in psychotic experiences in an early psychosis clinical group, with this relationship strongly mediated by insomnia predicting later negative affect. Importantly, this study is the first to indicate that the predictive relationship from insomnia to psychotic experiences has the same or greater strength than the reverse relationship in a clinical group, prompting a rethink of traditional conceptualisations of insomnia as a secondary concern in psychosis. Furthermore,
given the existence of an effective insomnia intervention for this group (CBTi; Freeman et al.,
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